UNBURN is one of the most important problems that may affect the growth, productivity and quality of Balady mandarin trees. This study was conducted to determine the effects of two kaolin clay products i.e. Screen Duo ® (applied once or twice) and Surround ® (3 and 6%) used as anti-sunburn treatment on controlling sunburn of Balady mandarin fruits Citrus reticulata.
Introduction
Most of the newly reclaimed areas are cultivated with fruit trees especially citrus which, is considered as the first fruit crop in Egypt (Salama, 2015) . Egypt represents about 15% of the total citrus production in the Mediterranean Basin and occupies the 3 rd rank after Spain and Italy (Youseif et al., 2014) . Mandarin (Citrus reticulata Blanco) is one of the most important citrus fruits in Egypt, having significant value in the local market. Mandarins are a diverse group of thinskinned, easy-peeling fruits that includes popular citrus types such as satsumas, clementines and tangerines. Mandarins are becoming increasingly popular with consumers, largely due to the ease with which they can be eaten as compared to other types of citrus that are more difficult to peel (Obenland et al., 2011) . A survey conducted by Minessy et al. (1969) on the fruit sunburn problem in four citrus varieties in coastal and desert orchards indicated that the sunburn was greatest in the Balady mandarin. Kaolin-based particle films can reduce insect, heat, and ultraviolet stress in horticultural crops because of their ability to modify the microenvironment of the plant canopy as a result of the reflective nature of the particles (Glenn, 2012 ).
The present research was undertaken to assess the effectiveness of two kaolin clay sunburn mitigating substances i.e. Surround ® and Screen Duo ®, in addition to the anatomy of healthy and injured peel was carried out as well as the economic feasibility of the treatments.
Material and Methods
This study was conducted at Dina farm (km 80 Cairo -Alexandria desert road) in seasons 2013 and 2014 seasons, on Balady mandarin (Citrus reticulata Blanco) trees budded on sour orange rootstock. The trees were 4 years old, irrigated daily through drip irrigation system and chosen in completely randomized block design, each treatment was applied into three replicates (three trees/replicate).
Two commercially available Kaolin clay material Screen Duo ® and Surround ®, were used in the present study for sun burn treatment as reflective foliar coating, the following treatments were carried out:
• control (sprayed with only water) • Screen Duo ® once (1.25 Kg/100 L of water)
All treatments were applied at mid-June in both seasons while in case of Screen Duo ® applied twice at mid-June and at 1 st of July. Each tree received individually 10 L. of the spray solution till runoff.
At harvest time (mid-January) in both seasons, the percentage of injured fruits was recorded. Weight and volume of fruits, peel thickness, TSS and acidity were measured, then TSS acid ratio was calculated.
Collected Data were subjected to analysis of variance and means were compared using LSD test at 5% level according to Snedecor and Cochran (1980) .
Histological study
Peel samples from the normal and injured areas of mandarin fruits were collected then fixed immediately in F.A.A (10:5:50:35 by volume Formalin: glacial acetic acid: Ethyl alcohol and distilled water). The fixed samples were dehydrated in a graded series of Tertiary butyl alcohol (TBA) and ethyl Alcohol according to Sass, (1951) . After dehydration procedures, samples were embedded in pure melted paraffin and after tissues saturation with paraffin wax, they were oriented in paper trays and cooled down. Paraffin blocks were prepared and cut into sections 10 µm thick using rotary microtome. Paraffin sections in a ribbon form were fastened to a glass slides with an adhesive solution. After deparaffined, peel sections were stained with hematoxylin dye then enclosed with Canada balsam and covered with glass. Peel sections were then examined and photographed.
Economic feasibility study
The economic return of the treatment were estimated by calculating the expected yield/tree and the expected enhancement in the fruit quality category due to sun-burn reduction, then the yield value for fadan treated with each treatment after cost subtraction due to treatment (in control treatment the cost= zero). Then the percentages of increase in the price in comparison with control were calculated.
Results

The effect of sunburn on rind anatomy
Various researchers reported that injured fruits with sunburn usually had dark brown spots on the peel on the side that exposed to the sun, such spots appeared as dark asymmetrical area (Sadamatsu, 1981 , Wardowski et al., 1986 and Myhob et al., 1996 . Citrus fruit is hesperidium composed of three main sections, namely (from inside) endocarp or pulp, mesocarp or albedo finally the outer part exocarp or flavedo, both mesocarp and exocarp together make the pericarp (the peel or rind) (Ford, 1942 , Scott & Baker, 1947 and Ladanyia, 2008 . Flavedo is covered with protective cuticle thin layer, while it consists of epidermal cells which are polygonal and isodiametric in shape with no intercellular spaces and hypodermal parenchymatous cells which is located immediately below the epidermis and surrounding the oil glands. Such glands are spherical to slightly oval in profile, thin walled, highly vacuolated and they increase gradually in size deeper in the rind with small intercellular spaces (Agusti, et al., 2001 and Ladanyia, 2008) . Figures (1 and 2) showed cross-section of flavedo of uninjured and injured fruit, respectively. It was clear that healthy fruit showed intact cuticle and flavedo, while in the injured fruit cuticle, epidermis and the outer rows of hypodermis were collapsed and became brown in color. Figure 3 indicated that the percentage of injured fruits were decreased by applied treatments compared to control in both seasons. It is clear that treated trees with Surround ® at 6% showed the lowest percentage of injured fruits (11.67%) followed by Surround ® at 3% (14.02%), Screen Duo ® applied twice (14.93%) Screen Duo ® applied once (19.6%), then control (31.69%). The same trend held true in the second season, where the percentages of injured fruits were 9. 33, 15.5, 16.3, 20.5 , and 32.6 %, respectively.
Percentages of injured fruits
IMPACT OF SPRAYING SOME CHEMICAL SUBSTANCES ON CONTROLLING … Table 1 showed the effect of tested materials on the fruit weight, volume and peel thickness from treated trees. Treated trees with Surround ® at 6% had significantly heavier fruits than other treatments, control and injured fruits. The injured fruits weights were significantly lower than other treatments.
As for fruit volume, it was clear that trees treated with Surround ® at 6% gained significant increase in the fruit volume as compared with other treatments and control, while other treatments were significantly higher than control, but injured fruits showed the lowest fruits volume comparing with control. IMPACT OF SPRAYING SOME CHEMICAL SUBSTANCES ON CONTROLLING … In both seasons the treatments did not affect the fruits peel thickness in comparison with the control, but the peel thickness of fruits treated with Surround ® 6% was significantly thicker than peel of injured fruits.
Total soluble solids (TSS), acidity and TSS/TA ratio
Data in Table 2 showed that there was no positive impact on TSS by applying the different treatments, but there were significant differences in TSS of Surround ® at 6% treatment and injured fruits. Also Surround ® at 6% treatment scored the highest acidity mean, while, injured fruits showed significantly low acidity content. As for TSS/TA ratio, there were no significant differences between treatments but injured fruits showed significantly high ratio. Economic feasibility of the treatments In the present study the economic gain were estimated in term of assumed percentage of increase in fadan value in comparison with the control. Fig. 4 Showed the economic feasibility of the tested materials. It could be concluded that treatments increased the value of treated trees, where the percentages of increase in 2013 were: 11.6, 13.5, 15.2 and 20.66 % after treatment with Screen Duo ® applied once and twice and Surround ® at 3% and 6%, respectively. While it were in 2014: 12.6, 15.4, 16.5 and 21.33%, respectively.
Discussion
The present study showed that the percentage of injured fruits decreased in comparison to control, "Surround ®" at 6% treatment showed the lowest percent of injured fruit (11.66 and 9.33% in both seasons), Kaolin particles film was also successful in sunburn reduction in Ruby Red grape fruit leaves (Jifon and Syvertsen, 2003) , and Anna Apple (Aly et al., 2010) .
The major causes of sunburn on citrus crop are high temperature and high intensity of solar radiation (Ketchie, 1969 , Myhob et al., 1996 , Jifon & Syvertsen, 2003 and Tsai et al., 2013 . In the present study the treatments caused reduction in sunburned fruits may be due to their reflective nature of the solar radiation. Tsai et al. (2013) reported that shading treatment resulted in 0% sunburn in Murcott tangor fruit. All treatments caused significant increase in fruits weight and volume when compared to control, but injured fruits significantly decreased than control, this finding is in line with those results of Myhob et al. (1996) , Jifon and Syvertsen, (2003) and Tsai et al. (2013) . Also Ketchie and Ballard (1968) reported that fruit grown under full exposure to the sun were smaller and weighted less than fruits grown in the shade. Such increase in fruits weight and volume may be due to increase of photosynthesis rates. Jifon and Syvertsen, (2003) reported that grapefruit leaves treated with kaoline film particles caused an increase in stomatal gas exchange of leaves, Co 2 assimilation rates and water use efficiency. The sunburn treatments in the present study did not affect the fruit juice quality (TSS and acidity) in comparison with control. This finding agree with Tsai et al. (2013) results. While total soluble solids and acidity of injured fruits decreased significantly in contrary with Myhob et al. (1996) results.
In the present study healthy fruit showed intact cuticle and flavedo, while in the injured fruit cuticle, epidermis and the outer rows of hypodermis were collapsed and became brown in color. Extreme loss of water may be the main reason for cuticle and flavedo cells breakdown. Kaolin film caused reduction of heat due to it is reflective nature (Glenn, 2012) .
It was expected that the treatment increased the value of the treated fruits by enhancing the fruit quality category and covered the cost of treatments.
Thus, it could be concluded that applying Surround ® 6% in mid-June resulted in the lowest percentage of sunburn to mandarin fruits.
